Supplementary Methods
DNA substrates for single-molecule imaging pSP73 vector (Promega) derived pSXneo(T2AG3) plasmid DNA containing 270 TTAGGG repeats (T270) was purchased from Addgene and purified from Stbl2 cells (Invitrogen) to retain stable telomeric DNA lengths (62) . To generate DNA fragments containing TTAGGG repeats for AFM imaging, the restriction digestion of T270 DNA (10 μg) was carried out at 37 o C for 4 hr using HpaI (130 U) in Buffer 4 (New England BioLabs). Final DNA substrate purification was done using a PCR DNA Purification Kit (Qiagen). To generate the DNA substrate containing centromeric sequences, first, a 1.7 kb PCR product with human X-linked alpha-satellite sequences was generated using the forward primer (5' GCC GAT TCA TTA ATG CAG GTT AAC AAA GGC TTT CAG GCT TTT CCA CCA 3'), reverse primer (5'AAT TTC GAT AAG CCA GGT TAA CAA GTG GCT ATT TAG CGG GCT TGG A 3'), and genomic DNA purified from MDA-MB-231 breast cancer cells as the template. The PCR product was gel purified and subsequently cloned into the pSP73 vector (Promega) digested with HpaI. In order to generate longer DNA substrates for the DNA tightrope assay, linearized DNA substrates were ligated using the Quick Ligation TM Kit (New England BioLabs) at room temperature for 30 min. Ligated DNA samples were then purified using phenol-chloroform extraction.
Protein purification
The full length WT SA1 and SA1 R37A R39A mutant (1258 AA) containing a N-terminal 3X Flag tag (DYKDHDGDY KDHDIDYKDD DDK) was overexpressed using a baculoviruse system and purified using the anti-Flag M2 column (GenScript). To purify the 6xHis tagged SA1 (His-SA1), ~2 x 10 8 Sf21 cells were transfected with baculoviruses overexpressing His-SA1 and harvested 48 hr post-infection. Cell pellets were re-suspended in 10 ml of Ni-NTA buffer A (50 mM Tris-HCl, pH 7.5, 300 mM NaCl, 20 mM imidazole, 10% glycerol, 0.1 mM PMSF) and lysed by sonication. Supernatants from the lysates were collected by 35,000 g x 40 min centrifugation and loaded onto 0.2 ml of pre-equilibrated Ni-NTA resin (Qiagen). The supernatant was then constantly mixed with the resin at 4°C for 1 hr. The resin was collected by 1,000 g x 3 min centrifugation and the supernatant (flow through) was removed. The resin was then washed with 5 ml of Ni-NTA Buffer A. The proteins bound to the Ni-NTA agarose were eluted by Ni-NTA buffer B (50 mM Tris-HCl, pH 7.5, 300 mM NaCl, 250 mM imidazole, 10% glycerol, 0.1 mM PMSF). The concentration of the purified protein was determined by the Bradford protein assay using BSA as the protein concentration standard.
SA1 was more than 90% pure based on SDS-PAGE analysis. The His6-tagged single-chain antibody fragment (37 KDa) was overexpressed in E. coli and purified using a Ni-NTA agarose column (Qiagen) according to protocols specified by the manufacture.
Fluorescence anisotropy
The telomeric and non-telomeric DNA substrates were made by annealing 5' Alexa488 labeled top and unlabeled complementary stands using the following oligos: 
Electrophoresis mobility shift assays (EMSAs)
The telomeric DNA substrate used for EMSAs was constructed by annealing a 5' Alexa488 labeled oligo (5'TTA GGG TTAGGG TTAGGG ATG TCC AGC AAG CCA GAA TTC GGC AGC GTA3') with a second unlabeled oligo containing its complementary sequences. TRF1 and SA1 DNA binding reactions were carried out in a buffer containing 20 mM Hepes (pH 7.9), 150 mM KCl, 1 mM MgCl, 0.5 mM DTT, 0.25% NP-40, and 5% glycerol with DNA substrate and protein concentrations indicated in the figure legends ( Figure 5A ). The reactions were run by gel electrophoresis on a 5% 29:1 (bisacrylamide:acrylamide) native gel at 4 o C and 150 V for about 40 min in 1X TBE buffer. The gel was visualized using a Typhoon FLA 7000 Phosphorimager. The percentages of unbound and bound DNA substrate were quantified using ImageQuant software.
Coarse-grained molecular dynamics simulations
We used the molecular dynamics package HOOMD-blue to explore the probable pathway that leads to protein-mediated DNA-DNA pairing under the action of a coarse-grained, simplified functional model of 
Monte Carlo Simulations of protein diffusion on DNA
To determine if the observed slowing of SA1 diffusion at telomere sequences could be due to pausing, Monte Carlo simulations were performed using MATLAB. The model is based on the assumption that protein molecules exist in two states (free diffusing and pausing) and the DNA context affects the equilibrium between these states. We created a model DNA strand with 1.6 kb telomeric sequences spaced 3.8 kb apart by non-telomeric DNA. For every simulation cycle the molecule could either take a 10 bp step with a probability of stepping (equal chance for forwards/backwards) or pausing. When the protein molecule was in regions containing non-telomere DNA, a bias was applied towards the probability of stepping of 92%. Upon entering a region defined as containing telomeric DNA, the probability of stepping was reduced to 20%. Pausing durations were randomly selected from an exponential probability distribution. The number of iterations used was 1x10 SEM based on at least three independent experiments. The percentage of dual-color QD-labeled complexes on T270 (11.2%) in the presence of both TRF1 and SA1 is 5.6-and 10-fold higher than when only SA1 (2.0%) or TRF1 (1.1%) was present, respectively. (B) Dual-color QDlabeled SA1-TRF1 complexes were present at telomeric regions on T270. The distribution of pair-wise distance between green QD-labeled TRF1 (makers for telomeric regions) and dual-color QD-labeled SA1-TRF1 complexes is consistent with the spacing between telomeric regions on T270. The data set (N = 30) was fitted with a double Gaussian function with peaks centered at 1.6 ± 0.08 μm (distance between two nearest neighbor (TTAGGG) 270 regions) and 5.1 ± 0.36 μm. The insert shows a representative kymograph (120 s) used for the distance analysis. T270   T270   T270   T270   T270   T270   T270   T270   T270  T270  T270  T270  T270  T270  T270  T270   1  0  2  3  4  5  6  7  8  9   X10 5 10 Simulated steps C
